cis-acting elements at opposite ends of the Citrus tristeza virus genome differ in initiation and termination of subgenomic RNAs.
Citrus tristeza virus (CTV), a member of the Closteroviridae with a plus-stranded genomic RNA of approximately 20 kb, produces 10 3'-coterminal subgenomic (sg) RNAs that serve as messenger (m)RNAs for its internal genes. In addition, a population of 5'-terminal sgRNAs of approximately 700 nts are highly abundant in infected cells. Previous analysis demonstrated that the controller elements (CE) are responsible for the 3'-terminal mRNAs and the small 5'-terminal sgRNAs differ in the number of additional sgRNAs produced. A feature of both types of CE is production of 5'- and 3'-terminal positive-stranded sgRNAs, but the 3' CEs additionally produce a negative-stranded complement of the 3'-terminal mRNAs. Here, we found that the termination (for 5'-terminal sgRNAs) and initiation (for 3'-terminal sgRNAs) sites of the 5' vs. the 3' CEs occur at opposite ends of the respective minimal active CEs. The initiation site for the 3' CE of the major coat protein gene, and probably those of the p20 and p23 genes, was outside (3' in terms of the genomic RNA) the minimal unit, whereas the termination sites were located within the minimal CE, 30-50 nts upstream of the initiation site (referring to the positive-strand sequence). In contrast, the initiation site for the 5' CE was in the 5' region of the minimal unit, with the termination sites 20-35 nts downstream (referring to the positive-strand sequence). Furthermore, the CEs differ in initiation nucleotide and response to mutagenesis of that nucleotide. The 3' CE initiates sgRNA synthesis from a uridylate, whereas the 5' CE initiates from a cytidylate. We previously found that the 3' CEs were unusually tolerant to mutagenesis of the initiation sites, with initiation proceeding from alternative sites. Mutagenesis of the initiation site of the 5' CE prevented synthesis of either the 5'- or 3'-terminal sgRNAs. Thus, the cis-acting elements at opposite ends of the genome are remarkably different, perhaps having arisen from different origins and or with different functions in the life cycle of this virus.